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Preface 



This manual contains the information necessary to install, program, and operate the Texas 
Instruments Models CI403 and CI404 Four-Channel Asynchronous Communications Interfaces in 
any Business Systems computer that has a TILINE* data bus. The information in this manual is 
organized into three major sections: 

Section 

1 General Description — Provides an overview of the purpose, features, and major 
components of the CI403 and CI404. It also contains information on cables, signals, and 
connector pin assignments. 

2 Installation — Provides instructions for installing the CI403 or CI404 in Tl computer 
chassis. 

3 Programming — Provides the information necessary for an assembly language 
programmer to write programs to control operation of the CI403 or CI404. 

The following documents contain helpful information related to the installation, troubleshooting 
and repair of the CI403 and CI404: 



Title 

9900 Family Systems Design and Data Book, 
Microprocessor Series, First Edition 

Model 990/10 Computer System Hardware 
Reference Manual 

Model 990/1 OA Computer Maintenance Manual, 
General Description 
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General Description 

Model 990/12 Computer Hardware User's Manual 
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General Description 



1.1 GENERAL 

The Texas Instruments Four-Channel Asynchronous Communications Interfaces (CI403 and 
CI404) are TILING slave devices that plug into a Tl computer or expansion chassis backplane. The 
CI403 provides serial, half- or full-duplex, buffered, asynchronous data communications between 
the computer and as many as four external asynchronous devices. The CI403 allows Tl computers 
with a TILINE bus to communicate with asynchronous modems, terminals, or other asynchronous 
devices compatible with the Electronic Industries Association (EIA) standard RS-232-C or the 
Consultative Committee on International Telephone and Telegraph (CCITT) recommendation V.24. 
The CI403 supports half- or full-duplex communications at speeds from 75 baud through 19.2 kilo- 
baud (k baud) on each channel. 

The CI404 is similar to the CI403 and provides the same capabilities as the CI403 with the excep- 
tion that the interface between the CI404 and the external devices is a fiber-optic link and the 
CI404 does not support modems. The CI404 supports full-duplex (only) communications at speeds 
from 75 baud through 19.2 k baud on each channel. 

The CI404 supports communications between Tl computers with a TILINE bus and terminals with 
fiber-optic interfaces. It can also support terminals with EIA RS-232-C or CCITT V.24 compatible 
interfaces through use of an optical-to-EIA converter. The part number of the optical-to-EIA con- 
verter is included in Table 1-4 with the CI404 cables. Instructions for connecting the converter are 
included in Section 2. 



NOTE 

All references to the CI403 in this manual apply equally to both the 
CI403 and CI404 except where specifically indicated otherwise. 



Figure 1-1 is a photograph of the CI403. Figure 1-2 is a photograph of the CI404. 
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Figure 1-1. CI403 Four-Channel Asynchronous Communications Interface 
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Figure 1-2. CI404 Four-Channel Asynchronous Communications Interface 
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CMOS features include: 

Single-board construction 

Four independent data communications channels 

Half- or full-duplex, asynchronous data transmission and reception (full-duplex only on 
the CI404) 

Fully buffered data transmission and reception 

All standard baud rates up to 19.2k baud 

Fully programmable serial interface characteristics: 

— 5-, 6-, 7-, or 8-bit characters 

— - Even, odd, constant mark, constant space, or no parity bit generation 

— 1, 1 1/2, or 2 stop bit generation 

• Loopback test and self-test capability 

• Full modem control and status signals (CI403 only) 

• On-board self-test 

• TILINE interface to host computer 

The CI403 also has extensive electromagnetic interference (EM!) reduction features, including: 

• Large power and ground buses in the power distribution matrix 

• Extensive bypass capacitors 

• Extensive decoupling of grounds 

• A metal shield along the top edge of the printed wiring board (PWB) 

• Shielded connectors (CI403 only) 



1-4 2263897-9701 



General Description 



1.2 KITS AND CABLES 

Table 1-1 lists the components of the CI403 kit, Tl part number 2230356-0001. Table 1-2 lists the 
components of the CI404 kit, Tl part number 2230358-0001 . 



Table 1-1. CI403 Kit 



Component 
Part Number 



Item 



2230350-0001 CI403 Four-Channel Asynchronous Communications Interface 

2263897-9701 Four-Channel Asynclironous Communications Interfaces (CI403 and 

CI404) Installation and Operation manual 

2303114-9901 CI403 System Test Procedure 

2230355-9901 CI403 Family Tree 



Table 1-2. CI404 Kit 



Component 
Part Number 



Item 



2230360-0001 
2263897-9701 

2230365-9901 
2230358-9901 



CI404 Four-Channel Asynchronous Communications Interface 

Four-Channel Asynchronous Communications Interfaces (CI403 and 
CI404) Installation and Operation manual 

CI404 System Test Procedure 

CI404 Family Tree 



Table 1-3 lists the cables available for use with the CI403. Table 1-4 lists the cables available for 
use with the Ci404. Table 1-4 also includes the part number of the optic-to-EIA converter kit that is 
required if you use the CI404 to interface EIA terminals. 



2263897-9701 



Change 1 



1-5 



General Description 



Table 1-3. CI403 Cables 



Part Number 



Description 



2303070-0002 
2303070-0003 

2303071-0002 
2303071-0004 

2303077-0001 * 

2303080-0001 

2308661-0001 

Note: 



CI403 to external modem, 9.1 m (30 ft) 
CI403 to external modem, 3.0 m (10 ft) 

EIA extension cable, 15 m (49.2 ft) 
EIA extension cable, 60 m (196.8 ft) 

CI403 to EIA terminal, 9.1 m (30 ft) 

CI403 to 810, 850, 855, and 880 printers, 9.1 m (30 ft) 
CI403 to letter quality printer, 9.1 m (30 ft) 



*This cable mates with terminals and printers that have a 25-pin D-type EIA connector, 
including models 780, 820, 840, and 940. 



Table 1-4. CI404 Cables 



Part Number 



Description 



2233200-0001 

2233201-0002 
2233201-0003 
2233201-0004 

2233210-0001 



Standard duplex fiber-optic cable, 15 m (49.2 ft) 

Fiber-optic extension cable, 60 m (196.8 ft) 
Fiber-optic extension cable, 150 m (492.1 ft) 
Fiber-optic extension cable, 300 m (984.2 ft) 

Converter module kit, includes: 

• Converter 

• Power module 

• Power cord, 2.4 m (8 ft) 



Notes: 



Each fiber optic extension cable Includes a connector that can be used to connect two 
fiber-optic cables. 

The maximum recommended length of fiber-optic cable between the CI404 
and a terminal Is 1000 m (3281 ft) with no more than one splice. 

Contractual maintenance and installation of ail cables In excess of 15 meters (49.2 feet) Is 
the responsibility of the customer. Tl will replace these cables if they become defective 
during the warranty period but it is the responsibility of the user to install them. 
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1.3 PHYSICAL DESCRIPTION 

The CI403 is implemented on a full-size 990 PWB, which occupies one full slot in the computer 
mainframe or in an expansion chassis. The CI403 PWB is 362 mm (14.25 in) wide and 274.3 mm 
(10.8 in) high. Bottom edge connectors P1 and P2 are both 80-pin connectors that provide the inter- 
face between the CI403 and the host computer TILINE bus. The CI403 has four 18-pin (AMP 
102792-2) connectors (P3 through P6) on the top of the board that provide RS-232-C compatible 
interfaces to external devices. The CI404 has four fiber-optic connectors (P3 through P6) on the 
top of the board that provide fiber-optic interfaces to external devices. 

1.4 HARDWARE FUNCTIONAL DESCRIPTION 

The host computer TILINE bus connects the CI403 to the central processing unit (CPU) of the host 
computer. As shown in Figure 1-3, the CI403 interfaces directly between the TILINE bus and exter- 
nal RS-232-C devices (CI403) and fiber-optic devices (01404). The TILINE bus is a high-speed, asyn- 
chronous, 16-bit parallel data bus that transfers data between high-speed system elements such 
as main memory, the CPU, and mass data storage systems. Using the TILINE, the CPU handles all 
control, select, status, and data communications between the host computer and the CI403. 

Four TILINE memory locations are assigned to the CI403. The CPU communicates with the CI403 
by writing words to and reading words from these four memory locations. 

1.4.1 Typical Operation 

The CPU initiates operation by writing control information into the TILINE memory locations 
reserved for the CI403. The control information directs the CI403 to operate in a particular configu- 
ration and to transmit and receive data on specified channels. The control information includes 
parameters such as the channel number, the baud rate, the number of stop bits, and parity charac- 
teristics. Once the control parameters are established, the CPU transmits and receives data by 
writing words to and reading words from the four memory locations reserved for the OI403. Trans- 
mit data words contain the channel number and data; received data words contain the channel 
number, data, and status. All four channels of the 01403 can operate simultaneously by intermix- 
ing data transmissions and receptions, since each data word includes the channel number. 

1.4.2 CI403 Functional Components 

As shown in Figure 1-4, the CI403 functionally consists of: 

• A 256-word TILINE transmit first-in, first-out (FIFO) buffer common to all four channels 

• A 256-word receive FIFO buffer common to all four channels 

• One 128-byte transmit FIFO buffer for each channel 

• One asynchronous communications element (ACE) for each channel 

• One set of RS-232-0 drivers/receivers for each channel on the 01403 

• One set of fiber-optic drivers/receivers for each channel on the C1404 

• A microprocessor with on-board permanent programs 
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The following paragraphs describe these elements. 

1.4.2.1 First-ln, First-Out (FIFO) Buffers. The CI403 buffers all data transmissions and recep- 
tions with on-board FIFOs that allow transfers between the TILINE bus and the external devices to 
occur at different data rates. Buffering is necessary since it is impossible to predict either the rate 
that characters are transferred over the TILINE bus or the rate that characters are transmitted and 
received through the external communications devices. 

A FIFO is a block of memory locations with an input and an output. Words are written into and 
fetched from the FIFO, one at a time. When the first word is entered into an empty FIFO, it immedi- 
ately appears at the output. Additional words entered into the FIFO are stacked at the output in 
the order of entry. Once a word is read from the FIFO, the next word in sequence appears at the 
output. Thus, writing data into the FIFO and reading data from it are two independent operations 
and can take place at different rates. The writing and reading operations can continue as long as 
the FIFO does not overflow, which occurs only when the input rate exceeds the output rate for an 
extended period. 

As shown in Figure 1-4, a 256-word TILINE transmit FIFO and a 256-word receive FIFO are common 
to all four channels on the board. Additionally, each channel has a separate 128-byte transmit 
FIFO. The GPU routes data words over the TILINE bus to the CI403 for transmission and places 
them in the 256-word TILINE transmit FIFO. Each transmit data word consists of one byte that 
identifies the transmit channel and one byte of transmit data. The control logic on the CI403 
examines each transmit word to determine the proper transmit channel, and then transfers the 8- 
bit data character portion of the word (from the 256-word TILINE transmit FIFO) into the 128-byte 
transmit FIFO associated with the appropriate transmit channel. The control logic discards the 
channel identifier portion of the word after it determines in which channel transmit FIFO to place 
the data. Transmit data words from the CPU can be intermixed since the CI403 examines each 
word and routes the data portion to the proper channel for transmission. 

The CI403 control logic notifies the host when the 256-word TILINE transmit FIFO is more than 75 
percent full; however, this condition should not occur in normal operation. The host software must 
be designed to prevent overflow of the 128-byte channel transmit FIFOs, since the CI403 control 
logic does not notify the host of impending overflow of these FIFOs. 

The CI403 control logic adds a byte containing channel identification and status information to 
each received data character and then places the word in the 256-word TILINE receive FIFO. The 
received data remains in the 256-word TILINE receive FIFO until it is read by the host over the 
TILINE bus. The host software determines which channel the received data came from by examin- 
ing the portion of the word that contains the channel identifier. 

1.4.2.2 Asynchronous Communications Elements (ACEs). Each ACE is a self-contained, single- 
chip integrated circuit that can be programmed for a wide variety of transmit and receive configu- 
rations. It performs serial-to-parallel conversions on data characters received from external 
terminals or modems, and parallel-to-serial conversions on outgoing data characters before they 
are transmitted to external terminals or modems. The ACE generates all handshaking signals 
necessary to perform data transfers with external modems and terminals. The CI403 control logic 
reads ACE status, which includes the type and condition of the transfer operations performed by 
the ACE and any error conditions that arise. Each ACE contains an internal baud rate generator 
that provides common timing signals for the transmitter and receiver logic. The ACEs also contain 
complete modem control logic for controlling external modems. 
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1.4.2.3 CI403 Control Logic. The CI403 control logic consists of an internal bus that connects 
an 8-bit microprocessor, a 2048-word by 16-bit random-access memory (RAM), and a 256-word by 
56-bit programmable read-only memory (PROM). The PROM contains a firmware program that con- 
trols all aspects of CI403 operation. The following paragraphs describe each of these major com- 
ponents of the CI403 control logic. 

Microprocessor. Due to pin number restrictions and other construction constraints, it is some- 
times desirable to build microprocessors in several packages, where each package contains a 
section of a complete microprocessor. The packages can be wired together to form a large micro- 
processor, called a bit-slice processor, since each package processes a limited number of bits of 
information. The CI403 uses two processor packages wired to form an eight-bit microprocessor. 

The microprocessor contains its own internal registers, arithmetic logic unit (ALU), input buffers, 
output buffers, and shift registers. It can add, subtract, complement, shift, store, mask, test condi- 
tions, and perform all logical operations required by the firmware. 

Programmable Read-Only Memory (PROM). The 256-word by 56-bit PROM contains the program 
routines and subroutines that control all internal operations of the CI403. The program is perma- 
nently programmed into the ROM integrated circuits, and is called a microprogram or microcode. 
A microassembler helps generate the microprogram. 

Random-Access Memory (RAM). The RAM stores control words received from the CPU and 
stores intermediate values during processor calculations. The processor manipulates the RAM to 
create the FIFOs that store transmit and receive characters. Although FIFOs are sometimes spe- 
cially built for this purpose, the RAM performs the same function when under microprocessor 
control. 

1.4.2.4 CI403 RS-232-C Drivers/Receivers. This paragraph applies only to the CI403. The 
RS-232-C driver and receiver circuits on the CI403 perform the conversion between transistor-tran- 
sistor logic (TTL) levels used internally on the CI403, and the RS-232-C voltages required at inter- 
face connectors P3 through P6. The conversion process includes incoming and outgoing data and 
the control signals required for control of external modems or terminals. 

1.4.2.5 CI404 Fiber-Optic Drivers/Receivers. This paragraph applies only to the CI404. The 
driver circuits on the CI404 convert outgoing data from TTL levels to optical signals (light flashes). 
The receiver circuits convert incoming optical signals to TTL logic levels. The conversion process 
includes only incoming and outgoing data signals; the CI404 does not provide external modem or 
terminal control signals. 

1.5 CI403 INTERFACES 

The left side of Figure 1-5 shows the signals that comprise the interface between the host com- 
puter TILINE bus and the CI403. The CI403 and CI404 are identical at this interface. The right side 
of Figure 1-5 shows the interface signals between the CI403 and supported modems or other 
devices compatible with EIA standard RS-232-C or CCITT recommendation V.24. The CI404 inter- 
face to external fiber-optic terminals consists of only the optical transmit and receive data signals 
for each of the four channels; no control signals are involved. The following paragraphs provide 
details of these interfaces and define the use of the signals. 
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1.5.1 CI403 to Host Computer TILINE Interface 

When the CI403 is installed in the host computer chassis, it obtains power and shares access to 
the host computer TILINE bus with other TILINE-controlled devices. Section 2 includes instruc- 
tions for installing the Ci403 in the computer chassis and configuring the interrupts and address 
switches. Table 1-5 lists the connector pin assignments for TILINE connector P1; Table 1-6 lists 
the connector pin assignments for TILINE connector P2. Table 1-7 lists the functions of each of 
the TILINE interface signals used by the CI403. Several of the TILINE interface signals in connec- 
tors PI and P2 are used only by TILINE master devices and are not included in Table 1-7. 



Table 1-5. TILINE Connector PI Pin Assignments 



Pin 



Function 



Pin 



Function 



1,2 


Ground 


3,4 


-i-5Vmaln power 


5,6 


-1- 12 V memory power 


7,8 


-t- 5 V memory power 


9,10 


- 5 V memory power 


11 


TLREAD 


12 


Ground 


13 


TLPRES- 


14 


TLIORES- 


15 


Ground 


16 


TLPFWP- 


17 


Ground 


18 


CRUBITOUT 


19 


Ground 


20 


TLTM- 


21 


Ground 


22 


STORECLK- 


23 


Open 


24 


Ground 


25 


TLGO- 


26 


Ground 


27 


TLDAT12- 


28 


TLDAT13- 


29 


120HZ 


30 


TLDAT14- 


31 


TLDAT15- 


32 


CRUBIT13 


33 


Open 


34 


GRUBIT15 


35 


Open 


36 


CRUBIT12 


37 


Open 


38 


CRUBIT14 


39,40 


-t- 12 V main power 


41,42 


- 12 V main power 



43-45 


Open 


46 


MODSELB- 


47 


Open 


48 


MODSELA- 


49 


Open 


50 


CRUBIT7 


51 


Open 


52 


CRUBIT6 


53 


Open 


54 


CRUBIT5 


55 


TLMER- 


56 


CRUBIT4 


57 


Ground 


58 


TLAV 


59 


Ground 


60 


CRUBITIN 


61 


Open 


62 


CRUBIT8 


63 


TLWAIT- 


64 


CRUBIT9 


65 


Open 


66 


INTP1A- 


67 


Open 


68 


CRUBIT10 


69 


Open 


70 


CRUBIT11 


71 


TLAK- 


72 


Ground 


73 


Open 


74 


Ground 


75 


Open 


76 


Open 


77,78 


-i-5Vmain power 


79,80 


Ground 
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Table 1-6. TILINEConnectorP2 Pin Assignments 



Pin 


Function 


Pin 


Function 


1,2 


Ground 


43 


TLDAT06 - 


3,4 


+ 5 V main power 


44 


TLADR01 - 


5 


TLAG(Out) 


45 


TLDAT07 - 


6 


TLAG(ln) 


46 


MODSELB- 


7 


Ground 


47 


TLADR06- 


8 


TLADR14- 


48 


MODSELA- 


9 


TLADR15- 


49 


TLADR07 - 


10 


TLADR10- 


50 


Open 


11 


TLADR12- 


51 


TLADR02- 


12 


TLADR11- 


52 


Open 


13 


TLPRES- 


53 


TLADR03- 


14 


TLIORES- 


54 


Open 


15 


TLADR13- 


55 


TLADROO- 


16 


TLPFWP- 


56 


Open 


17 


TLADR08 - 


57 


TLADR04 - 


18 


CRUBITOUT 


58 


Ground 


19 


TLADR09 - 


59 


TLADR05 - 


20 


TLDAT11- 


60 


CRUBITIN 


21 


TLDAT08 - 


61 


TLDAT04 - 


22 


STORECLK- 


62 


Open 


23 


TLDAT10- 


63 


TLDAT05- 


24 


Ground 


64 


Open 


25 


TLADR18- 


65 


Open 


26 


TLHOLD- 


66 


INTP2A- 


27 


TLADR17- 


67 


TLDATOO - 


28 


Open 


68 


Open 


29 


TLADR16- 


69 


TLDAT01 - 


30 


Ground 


70 


Open 


31 


TLADR19- 


71,72 


- 5 V memory power 


32 


GRUBIT13 


73,74 


+ 5 V memory power 


33 


TLDAT09 - 


75,76 


+ 1 V memory power 


34 


GRUBIT15 


77,78 


+ 5 V main power 


35 


TLDAT02 - 


79,80 


Ground 


36 


CRUBIT12 






37 


TLDAT03- 






38 


CRUBIT14 






39,40 


+ 12 V main power 






41,42 


- 12 V main power 







Note: 

Pins 5 and 6 in P2 are connected together on tlie CI403 to allow the TILINE access-granted signal 
(TLAG) to pass uninterrupted to other TILINE controllers. 
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Table 1-7. TILINE Interface Signal Definitions 



Designation 



Pin No. 



Definition 



TLGO- 



TLREAD 



TLADROO- 
TLADR01 ■ 
TLADR02- 
TLADR03- 
TLADR04 - 
TLADR05- 
TLADR06- 
TLADR07 - 
TLADR08- 
TLADR09 - 
TLADR10- 
TLADR11- 
TLADR12- 
TLADR13- 
TLADR14- 
TLADR15- 
TLADR16- 
TLADR17- 
TLADR18- 
TLADR19- 



P1-25 



P1-11 



P2-55 

P2-44 

P2-51 

P2-53 

P2-57 

P2-59 

P2-47 

P2-49 

P2-17 

P2-19 

P2-10 

P2-12 

P2-11 

P2-15 

P2-8 

P2-9 

P2-29 

P2-27 

P2-25 

P2-31 



TILINE Go. This signal Initiates all data transfers when 
the transition from high (> 3.0 V) to low (< 1 .0 V) occurs. 

TILINE Read. When this signal is high (> 3.0 V), it desig- 
nates a read from slave operation; when it is low (< 1.0 
V), it designates a write to slave operation. 

TILINE Address. This signal defines the location of data 
during a fetch or store operation. When it is high (>2.0 
V), the corresponding address bit is 0; when it is low 
(< 0.8 V), the corresponding address bit is 1 . 



TLDATOO - 
TLDAT01 - 
TLDAT02 - 
TLDAT03- 
TLDAT04- 
TLDAT05 - 
TLDAT06 - 
TLDAT07 - 
TLDAT08 - 
TLDAT09 - 
TLDAT10- 
TLDAT11- 
TLDAT12- 
TLDAT13- 
TLDAT14- 
TLDAT15- 

TLTM- 



P2-67 
P2-69 
P2-35 
P2-37 
P2-61 
P2-63 
P2-43 
P2-45 
P2-21 
P2-33 
P2-23 
P2-20 
PI -27 
P1-28 
PI -30 
P1-31 

P1-20 



TILINE Data. This bidirectional signal defines data on 
the TILINE. When it is high (>2.0 V), the corresponding 
data bit is 0; when it is low (<0.8 V), the corresponding 
data bit is 1. 



TILINE Terminate. When this signal is low (<1.0 V), It 
indicates that a slave device has completed the 
requested operation. 
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Table 1-7. TILINE Interface Signal Definitions (Continued) 



Designation 



Pin No. 



Definition 



TLIORES- 



P1-14 



TLPRES- 



INTP2A- 



P1-13 



P2-66 



TILINE I/O Reset. A normally high (>2.0 V) signal that, 
when low (<1.0 V), halts and resets all TILINE I/O 
devices. This signal is a 100- to 500-nanosecond pulse 
generated by the reset switch on the control console or 
by the execution of a CPU reset instruction. 

TILINE Power Reset. A normally high (>2.0 V) signal 
that goes low (< 1.0 V) at least 10 microseconds before 
dc voltages begin to fail during power-down, and 
remains low until dc voltages stabilize during power-up. 



External Interrupt, 
computer. 



Interrupt from the CI403 to the host 



1 .5.2 CI403 to Communications Device Interface 

This paragraph and Tables 1-8 and 1-9 apply only to the CI403. The interface signals at connectors 
P3 through P6 conform to the requirements of EIA standard RS-232-C and CCITT recommendation 
V.24. Important characteristics of the EIA standard include the following: 

• The receiver circuit can withstand ±25 volts. 

• The drivers are limited to ± 6 volts. 

• A positive voltage greater than -i- 3 volts equals binary zero, signal space, or control on. 

• A voltage more negative than - 3 volts equals binary one, signal mark, or control off. 

Table 1-8 lists the connector pin assignments and the signal functions for CI403 connectors P3 
through P6. It includes pin assignments for data circuit terminating equipment (DOE), such as a 
modem, that conforms to EIA standard RS-232-C or CCITT recommendation V.24. Table 1-8 also 
lists EIA and CCITT designations for equivalent circuit functions where they exist. 
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Table 1 -8. El A Interface Connector (P3 Through P6) Pin Assignments 



P3 Through P6 Modem 








Pin Number Pin Number 


CCiTT 


EIA 


Function 


Backshell 1 


101 


AA 


Protective ground 


1 2 


103 


BA 


Transmit data 


2 3 


104 


BE 


Receive data 


3 4 


104 


BB 


Request to send 


4 5 


106 


CB 


Clear to send 


5 6 


107 


CC 


Data set ready 


16 7 


102 


AB 


Signal ground 


6 8 


109 


CF 


Data carrier detect 


N/C 9 






Reserved 


N/C 10 






Reserved 


N/C 11 






Reserved 


8 12 


122 


CI 


Speed indication 


15 13 






Analog loopback 


9 14 






Reserved 


10 15 






Reserved 


N/C 16 






Reserved 


11 17 






Reserved 


N/C 18 






Reserved 


7 19 


120 


SCA 


Secondary request to send 


12 20 


108.2 


CD 


Data terminal ready 


N/C 21 






Reserved 


13 22 


125 


CE 


Ring Indicator 


18 23 






Spare 


14 24 






Reserved 


N/C 25 






Reserved 


17 N/C 






RS-232-C key 


Note: 








N/C means this pin is not connected. 







Table 1-9 presents detailed descriptions of the interface signals at CI403 connectors P3 through 
P6 and indicates the direction of information flow where it is applicable. The data terminal equip- 
ment (DTE) includes the host computer and the CI403; the DCE is the modem or, if no modem is 
involved, the peripheral device with which the host computer communicates. 
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Table 1-9. EIA Interface Signal Descriptions 



Signal 
Name 



P3 Through P6 
Pin Number 



Function 



Protective Ground 



Transmit Data 
C1403toDCE 



Receive Data 
DCE to CI403 



Request to Send 
CI403toDCE 



Bacl<shell Connects to the connector backsliell on sys- 

tems that require a protective ground. 

1 The CI403 generates the signals on this 
circuit and transfers them to the DCE for 
transmission to the remote data terminal. 
This circuit Is held in the marking condition 
during intervals between characters and 
when no data is being transmitted. The 
CI403 requires only CTS in the on condition 
to transmit data; however, the modem 
requires the following four signals to be on 
before data is transmitted: 

• Request to send (CA) 

• Clear to send (CB) 

• Data set ready (CC) 

• Data terminal ready (CD) 

2 The DCE generates the signals on this 
circuit in response to data signals received 
from the remote terminal. This circuit is held 
in the marking condition when the signal 
data carrier detect (CF) is off. On a half- 
duplex channel, the controller holds this cir- 
cuit in the marking condition when circuit 
request to send (CA) is on and for a brief 
interval following the on-to-off transition of 
request to send (CA). 

3 This circuit conditions the DCE for data 
transmission. On a half-duplex circuit, it 
controls the direction of data transmission. 
An off-to-on transition Instructs the DCE to 
enter the transmit mode. The DCE responds 
by turning on the transmitter and transmit- 
ting a mark condition for a preset Interval. 
Then, it turns on clear to send (CB), indicat- 
ing that data can be transferred to the DCE 
on the transmit data (BA) circuit. The on-to- 
off transition of this circuit instructs the 
DCE to complete transmission and turn the 
transmitter off. An asynchronous modem 
with soft-carrier turnoff selected transmits 
an out-of-band tone (900 Hz for a 202 
modem) for a preset time interval and then 
turns the transmitter off. 
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Table 1-9. El A Interface Signal Descriptions (Continued) 



Signal 
Name 



P3 Through P6 
Pin Number 



Function 



Clear to Send 
DCE to CI403 



Data Set Ready 
DCE to CI403 



Data Carrier Detect 
DCEtoCI403 



Secondary Request to Send 
CI403TODCE 



The on condition of tliis circuit indicates 
tiiat the DCE is ready to transmit data 
received on circuit transmit data (BA). The 
on-to-off and off-to-on transitions of this cir- 
cuit are in response to transitions on circuit 
request to send (CA). 

The on condition of this circuit informs the 
CI403 that the DCE is connected to a data 
channel and all control circuits are valid. 
The on condition of this circuit indicates the 
following conditions exist: 

• The local modem is connected to a data 
channel (off-hook in switched service). 

• The local modem is not in \a\k or dial 
mode. 

• The local modem has completed any tim- 
ing functions required by the switched 
system to complete call establishment. 

This circuit is in the off condition at all other 
times, indicating to the CI403 that all signals 
other than ring indicator (CE) should be dis- 
regarded. 

The on condition of this circuit indicates 
that the DCE is receiving a signal that meets 
its suitability criteria and that receive data 
(BB) is valid. The off condition indicates that 
the DCE is not receiving a signal from the 
remote terminal or the received signal is not 
suitable for demodulation. On half-duplex 
channels, this signal is held in the off condi- 
tion whenever request to send (CA) is on and 
for a brief interval after the on-to-off 
transition of request to send. 

In the CI404, the on condition of DCD 
indicates that the FSK modem has detected 
an optical carrier signal. 

The on condition of this signal requests the 
modem to transmit a tone on the secondary 
channel (also called the reverse channel, 
supervisory channel, or backward channel). 
This signal can be used as a general pur- 
pose input for special applications. 
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Table 1-9. El A Interface Signal Descriptions (Continued) 



Signal 
Name 



P3 Through P6 
Pin Number 



Speed Mode Indication 
DCE to CI403 



Data Terminal Ready 
CI403toDCE 



12 



Ring Indicator 
DCEtoCI403 



13 



Function 



Dual-speed modems use this signal to in- 
dicate which speed is active. The on 
condition indicates that the modem is in the 
high-speed mode. This signal can be used 
as a general purpose input for special appli- 
cations. 



Signals on this circuit control switching the 
DCE to the communication channel. The on 
condition prepares the DCE to be connected 
to the communication channel and 
maintains the connection established by 
external means, such as manual call orig- 
ination, manual answering, or automatic 
call origination. 

Tl internal modems and most external 
modems automatically answer an incoming 
call if circuit data terminal ready (CD) is on 
and a ringing signal is detected. The off 
condition of circuit data terminal ready (CD) 
causes the DCE to be disconnected from the 
communication channel. In switched net- 
work applications, after circuit data terminal 
ready (CD) is turned off, it is not turned on 
again until circuit data set ready (CC) is 
turned off by the DCE. 

In the CI404, the on condition of DTR turns 
on the fiber-optic carrier. 

The on condition of this circuit indicates 
reception of a ringing signal on the 
communication channel. The on condition is 
approximately coincident with the on 
segment of the ringing signal. 
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Table 1-9. EIA Interface Signal Descriptions (Continued) 



Signal 
Name 



P3 Through P6 
Pin Number 



Analog Loopback 
CI403toDCE 



15 



Signal Ground 

Keying Pin 
Spare 



16 



17 



18 



Function 



The on condition of this circuit instructs 
compatible modems to disconnect from the 
telephone network and connect the trans- 
mitter output to the receiver input. On Tl 
internal modems, all interface circuits 
except data set ready (CC) operate as in 
normal full-duplex mode. Data set ready is 
forced off while the modem is in analog 
loopback. This circuit allows the host 
computer to exercise the CI403 and the local 
modem in a local test mode. The off 
condition of this circuit returns the modem 
to normal operation. This signal can be used 
as a general purpose output for special 
applications. 

This signal establishes the signal common 
reference potential for unbalanced signals 
between the CI403 and the DCE. 

This pin keys an RS-232-C cable to CI403 
connectors P3 through P6. 

Pin 18 is a spare. 



1 .5.3 CI404 to Communications Device Interface 

This paragraph and Table 1-10 apply only to the CI404. The CI404 interfaces directly to compatible 
T! fiber-optic devices through four connectors (Tl part number 2221056-0001) mounted at the top of 
the board. Devices equipped with Tl fiber-optic interfaces can be connected directly by using 
either Tl Duplex Fiber-Optic cable, part number 2233200, orTI Duplex Fiber-Optic extension cable, 
part number 2233201. 

The interface between the CI404 and the external device consists of only the optical transmit and 
receive data signals for the four channels on the CI404. Table 1-10 lists the pin assignments in 
CI404 connectors J1 through J4 for these signals. 

Standard EIA RS-232-C terminals can connect to the CI404 with the Fiber-Optic to EIA Converter 
Assembly, provided the terminals do not use modem control signals other than DCD (received line 
signal detect (RLSD)) and DTR. DCD (RLSD) indicates that the remote device is ready to receive 
data, and DTR indicates that the CI404 is ready to receive data and/or is transmitting data. Modem 
control lines other than DCD (RLSD) and DTR are not included in the interface, thus standard 
communications line interface modems cannot be remotely supported. 
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I Table 1-10. CI404 Interface Connector (J1 Through J4) Pin Assignments 

I J1 Through J4 

Pin Number Signal Function 

1 OpticalTransmit Data 

2 Optical Receive Data 
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2.1 GENERAL 

This section describes how to unpack, install, and perform initial checkout of the CI403. It also 
includes power and environmental requirements of the board to aid in planning the installation. 

NOTE 

All references to the CI403 in this section apply to both the CI403 
and the CI404 except where specific differences are pointed out. 

This section also includes illustrations and descriptions of the CI403 in typical applications, 
including the part numbers of the cables required for each configuration. The last part of this sec- 
tion describes the recommended method of checking the CI403 for proper operation after you 
complete the installation. 

2.2 UNPACKING AND INSPECTION 

The CI403 is shipped either as a kit (Tl part number 2230356-0001 for the CI403, Tl part number 
2230359-0001 for the CI404) or as a part of a system where it is already installed in a Business Sys- 
tem Series 600 or 800 computer. If the CI403 is already installed in a computer, use the unpacking 
and inspection instructions in the Model 990A13 Chassis Maintenance Manual, General Descrip- 
tion, T\ part number 2308774-9701. 

The CI403 and CI404 kits are shipped in cardboard containers. The circuit boards are placed in a 
conductive bag, wrapped in bubble-pack, and sealed to a piece of rigid cardboard. Unpack the kit 
and inspect it as follows: 



CAUTION 

The CI403 and CI404 are susceptible to damage from electrostatic 
discharge once they are removed from their protective packaging. 
Ensure that you are well grounded before removing the circuit 
boards from their protective packaging. The recommended ground- 
ing method is to use a wrist strap, in contact with the skin, con- 
nected to ground. If you do not have a wrist strap available, touch a 
grounded object to discharge any accumulated static charge before 
unpacking the board. Unpack the board on a grounded work 
surface. Place the board back in the protective bag to transport or 
store it. 
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1. Before unpacking the cardboard container, inspect it for evidence of damage, such as 
crumpled corners, tears, water stains, and so forth. 

2. Open the cardboard container and remove the circuit board container. 

3. Ensure that you are grounded or have touched a ground, then remove the board from its 
protective package. Verify that the part number matches the number listed in Table 1-1 
(CI403) or Table 1-2 (CI404). 

4. Inspect the board for any cracks, loose or damaged components, or loose material 
lodged between components that could cause a short circuit. 

5. If you ordered any optional cables or parts, verify that their part numbers match those 
on the shipping list and inspect them carefully for damage. 



2.3 PLANNING 

The CI403 board requires one full-slot location in the computer chassis. The power requirements 
for the board are as ifollows: 

Power CI403 CI404 

-1-5 ± 0.25 Vdc 3.0 amperes 3.0 amperes 

+ 12±0.60Vdc 0.3 amperes 0.1 amperes 

-12 ±0.72 Vdc 0.3 amperes N/A 

Table 2-1 lists the environmental requirements of the CI403. Verify that the characteristics of the 
board are compatible with the planned environment. 

Table 2-1. CI403 Environmental Requirements 

Parameter Range 

Operating temperature 0° C to 65° C (32° F to 149° F) 

Shipping temperature - 40° C to 70° C ( - 40° F to 158° F) 

Humidity (operating) 5% to 95% noncondensing 

Humidity (nonoperating) 0% to 95% 

Altitude m to -I- 3049 m(0 to 10,000 ft) 

Shock (operating) 1g 

Shock (shipping) 15 g to shipping container 

Vibration (operating) 1 g, 5 to 80 Hz; 0.3 g, 80 to 500 Hz 
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2.4 INSTALLATION 

The following instructions for installing the CI403 apply when the board is packaged and shipped 
separately from the host computer. 

Before installing the CI403 in the host computer, you must do the following: 

• Select a suitable chassis slot. 

• Ensure that the interrupt level jumpers or switches in the computer chassis are 
configured to allow proper interrupt processing between the software in the host com- 
puter and the CI403. 

• Set the CI403 TILINE base address switches. 

• Inform the system software of the TILINE base address and interrupt level assigned to 
the CI403. This is usually done by regenerating the system. You can perform this step 
after you install the board in the chassis. 

The following paragraphs explain how to accomplish these tasks. 

CAUTION 

Always turn off power to the computer when installing or removing 
any circuit board from the chassis to prevent damage to the com- 
puter or to the board. 

2.4.1 Selecting a Chassis Slot for the CI403 

You can install the CI403 in any available location in the host computer chassis or in a TILINE 
expansion chassis. 

2.4.2 Interrupt Connections 

Interrupt connections required to interface peripheral equipment to a Business System Series 
computer usually are made before the system is delivered to the customer. These interrupt assign- 
ments are coordinated with the software supplied with the system so that the software can com- 
municate with and control the peripheral device. If you purchase the CI403 as a kit, you must 
modify the interrupt connections as part of the board installation. 
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The method of modifying interrupts varies with the chassis in which you install the CI403. You can 
install the CI403 in a 6-slot, 13-slot, or 17-slot chassis used with earlier Texas Instruments com- 
puter systems or in the 13-slot 990A13 chassis introduced in mid-1982 for the Business System 
600 and 800 series computers. Tl ships a manual describing how to modify interrupts for installa- 
tion of boards with each of the different chassis. The following describes which manual you 
should use: 

• If you are installing the CI403 in a 6-slot or 13-slot chassis, refer to the Model 990/10 
Computer System Hardware Reference Manual. 

• If you are installing the CI403 in a 17-slot chassis, refer to the Model 990/12 Computer 
Hardware User's Manual. 

• If you are installing the CI403 in a 990A13 chassis, refer to the Model 990A13 Chassis 
Maintenance Manual, General Description. 

You can find the part numbers of the referenced manuals in the Preface. 



NOTE 

When you install the CI403 in a TILINE expansion chassis, in a sys- 
tem that uses the DX10 or DNOS operating system, you must use 
the TILINE interrupt (not the CRU interrupts) in the chassis. If you 
install several CI403s in one TILINE expansion chassis, they must 
share a TILINE interrupt. You will need the custom interrupt PC 
board to connect several TILINE controllers to one interrupt. Refer 
to the 990 CRU/TIUNE Expansion Installation and Operation 
Manual. The necessity for sharing a common interrupt is dictated by 
the DX10 and DNOS operating systems. If your system uses a differ- 
ent operating system, this restriction may not apply. 



2.4.3 CI403 TILINE Base Address Switches 



NOTE 

Numbers or letters preceded by a greater-than symbol (>) are hexa- 
decimal values. 

The TILINE base address switches are located in the lower left corner of the component side of 
the CI403. Pencil switches 1 through 7 are compared to bits 11 through 17 of the 20-bit TILINE 
address from the host computer (as shown in Figure 2-1) to determine when the host is address- 
ing the CI403. Figure 2-1 contains a table that lists TILINE addresses within the legal range of 
> FFCOO to > FFDFC. The table also lists the CPU byte address that maps to each 20-bit TILINE 
address to aid programmers. You can assign the CI403 any address within this range that is com- 
patible with the system software. You must inform the system software of the TILINE address 
selected and the interrupt level of the slot where you install the CI403. 
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Figure 2-1. CI403 TILINE Base Address Switches 
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CAUTION 

If you install the CI403 in a system with multiple processors using 
TILINE bus couplers, you must take care to position the coupler 
switches to inhibit IPCS addresses from propagating in the direc- 
tion of the coupler priority vector. Refer to the 990 CRU/TILINE 
Expansion Installation and Operation Manual for detailed infor- 
mation. 



2.4.4 Installing the CI403 

After you select a chassis slot, modify the interrupts, and set the TILINE base address switches, 
you can install the CI403 in the selected slot. 

CI403 boards and other shielded boards are shipped from the factory with an insulator sleeve 
installed on the upper lip of the shield-stiffener. If you install the CI403 in a chassis with conven- 
tional (unshielded) boards, leave the insulator in place to protect the board above the CI403 from 
shorting to the metal shield. When you install the CI403 with other shielded boards, remove the 
insulator from the upper lip of the shield by sliding it off as shown in Figure 2-2. 

CI403 boards equipped with ejectors of the type shown in Figure 2-3 do not seat properly in some 
chassis. If you encounter difficulty seating the board, clip the tabs off the ejectors as indicated in 
Figure 2-3. 

2.4.5 Software Considerations 

You must inform the system software of the TILINE base address and TILINE interrupt level 
assigned to the CI403. This requires that you regenerate the system in most cases. Refer to the 
software manuals shipped with the system software for information on reconfiguring the system 
to recognize and communicate with the CI403. 

2.4.6 Cable Connections 

The cable connections for the CI403 and CI404 are discussed separately in the following para- 
graphs. 

Figure 2-4 shows the CI403 in an application where two of the channels support dial-up communi- 
cations using asynchronous modems. The other two channels support local devices. This is one 
of many ways that you can use the CI403; it is not limited to the configuration shown. The CI403 
can support dial-up communications on all four channels or any mix of dial-up and local devices 
that you require. 

Figure 2-5 shows the CI404 with one channel connected to a terminal with a fiber-optic interface 
and another channel connected to a terminal with a conventional EIA RS-232-C interface. Notice 
that you must use the fiber-optic-to-EIA converter kit, Tl part number 2233210-0001, to connect the 
CI404 to a terminal with an RS-232-C interface. The CI404 is not limited to the application shown. 
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INSULATOR 

SLEEVE 



SHIELD 



2283004 




Figure 2-2. Removing the Insulator From the CI403 

You must observe a few precautions when you install and handle the fiber-optic cables used with 
the CI404. Some of the more important considerations follow: 

1. Avoid sharp bends in the cable. 

2. Place the cables where people will not walk on them. 

3. Avoid using excess force when pulling the cables. When pulling cables through a con- 
duit or raceway, do not pull on the connector. Two recommended ways to pull fiber-optic 
cables follow and are illustrated in Figure 2-6. 
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Figure 2-3. Special Installation Problems 



5. 
6. 



a. Tape a rope or steel cable to the fiber-optic cable. Place padding between the pull- 
ing rope or cable and the fiber-optic connector, then extend the tape over the 
connector to protect it. 

b. Use a braided stainless-steel pulling grip with padding between the connector and 
the pulling grip. 

Keep the protective caps over the ends of the exposed fiber in the connectors until you 
are ready to connect the cable to the terminal or CI404. The optical fiber loses its light 
transmitting quality when it becomes dirty. 

Installing connectors on fiber-optic cables in the field is not recommended. 

Customers who fabricate their own fiber-optic cables should limit the length to 1000 
meters and should use no more than one connector or splice in the cable (in addition to 
the connectors that mate with the CI404 and the terminal). 



2.4.7 Compatible Modems 

This paragraph applies only to the CI403; the CI404 does not support modems. The CI403 supports 
use of the Tl IVIodel 451 and Bell 103, 113, 202, and 212A modems. The CI403 also supports most 
other manufacturer's asynchronous modems that comply with EIA standard RS-232-C. 
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Figure 2-6. Fiber-Optic Cable Pulling Techniques 
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2.5 CHECKOUT 

After you install the CI403 in the host computer as described in this section, check it for proper 
operation by powering up the computer and observing the self-test/fault light-emitting diode (LED). 
The LED should light while the on-board self-test routines execute and can remain on until after 
the first reset is issued to the board. There is a problem with the CI403 board if the self-test/fault 
LED remains lighted for more than 10 seconds after reset. In case of a failure, ensure that you have 
set the TILINE base address switches and interrupt level jumpers or switches correctly. Also 
ensure that the system has been regenerated to recognize the TILINE base address and interrupt 
level you assigned the CI403. 

The next phase of checking operation of the CI403 consists of loading and executing the CI403 
diagnostic MUXTST. You can find the instructions for loading the diagnostic in the Model 990 
Computer Unit Diagnostics Handbool<, Volume 1, Tl part number 945400-9701. Volume 6 of the 
diagnostics handbook, Tl part number 945400-9706, contains a program description of MUXTST 
and explains how to use the tests included in the diagnostic. 

The diagnostic consists of a series of tests that thoroughly test the hardware on the CI403, start- 
ing with the TILINE interface logic and working through the logic for the four communication 
channels. You can also use the loopback tests in the diagnostic to verify proper operation of the 
interconnecting cables and some parts of the communication system, depending upon how the 
system is configured. 

After you load and initialize the diagnostic, messages displayed on the CRT guide you through the 
tests. The CRT displays error messages whenever the tests encounter problems on the board or in 
the system. The error messages usually indicate the area of the problem or the failing component. 

To properly check the communications interfaces at connectors P3 through P6 on the CI403, you 
need to install a loopback assembly or connector on the channel you are testing. The diagnostic 
asks you if the connector is installed and includes the interface circuits in the test if you answer 
yes. The loopback assembly for the CI403, Tl part number 2303065-0001, is a miniature PWB with 
two connectors on it. The connectors are keyed to allow only the correct connector to mate with 
P3 through P6 on the CI403. There is also a 25-pin loopback connector, Tl part number 2265197- 
0001, that mates with the connector on the external modem cable and includes the cable in the 
loopback test (if you wish to check the cable). 

The loopback connector for the Ci404 is a fiber-optic connector, Tl part number 2233202-0001 . You 
can install it on CI404 connectors J1 through J4 or on the end of the fiber-optic cable if you wish to 
include the cable in the test. You must use the cable-to-cable connector included with the loop- 
back connector to connect it to a fiber-optic cable. If the fiber-optic cable is over 300 meters long 
or has splices in it, you will need to install the optic-to-EIA converter on the end of the cable and 
place the EIA loopback connector (Tl part number 2265197-0001) on the EIA connector of the con- 
verter to boost the signal strength. If a fiber-optic cable fails the loopback test, install the con- 
verter and EIA loopback connector and try it again before assuming that the cable is faulty. 

Figure 2-7 shows some examples of how you can use the loopback assembly and loopback 
connectors to verify proper operation of the boards and cables. 
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3.1 GENERAL 

This section contains information necessary for an assembly language programmer to write soft- 
ware routines that communicate with external modems or terminals through the Model CI403 
Four-Channel Asynchronous Communications Controller. The programmer must be familiar with 
assembly language described in the Model 990/12 Computer Assembly Language Programmer's 
Guide. 



NOTE 

All references to CMOS in this section apply to both the CI403 and 
CI404 unless specifically indicated otherwise. 

Most users prefer Texas Instruments standard operating system software that includes these 
communications routines. These users should refer to the applicable operating system reference 
manual. Users who wish to perform direct communications without using standard operating sys- 
tem software routines can initiate communications and receive status as described in this 
section. 

This section provides detailed discussions of the following: 

• Communication between the CI403 and the CPU using the TILINE bus 

• Basic programming of the CI403, including initialization, character transmission and 
reception, and status recovery 

• Control, status, and data word formats and descriptions 

3.2 TILINE COMMUNICATION 

The following paragraphs discuss communications between the host computer and the CI403 
using the TILINE bus. 
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3.2.1 TILINE Description 

The TILINE is a high-speed, asynchronous, 16-bit parallel data bus that transfers data between 
high-speed system elements such as main memory, the CPU, and mass data storage systems. The 
CI403 is assigned a block of four TILINE memory addresses. These memory locations are physi- 
cally located on the CI403 board, but are addressed by the host CPU as if they were in main mem- 
ory. The host CPU communicates with the CI403 by writing to and reading from these four TILINE 
addresses. During operation, the CPU transmits characters to any one or all of the four external 
modems by writing to one of these four addresses. The CPU receives data by reading one of these 
four addresses. The CPU also initializes the CI403 and reads its status by accessing these same 
four addresses. 

The words written into TILINE memory at the addresses designated for CI403 communications are 
called slave words, and are designated slave word (SWO) through slave word 3 (SW3). The CI403 
is a TILINE slave and cannot control TILINE transfers; it can only respond to TILINE master 
devices that are capable of controlling TILINE transfers. The host CPU is a TILINE master device. 
Any computer instruction that reads or modifies general memory can be used to communicate 
with the CI403. 

3.2.2 TILINE Addresses 

Standard conventions built into the computer hardware and software reserve CPU byte addresses 

> F800 to > FBF8 for control and status communication with TILINE peripheral controllers, such 
as the CI403. This range is called the TILINE peripheral control space (TPCS). The processor hard- 
ware can map addresses within this range to 20-bit TILINE addresses in the range > FFCOO to 

> FFDFC. 

The physical TILINE bus includes 20 address lines; however, a CPU byte address consists of only 
16 bits. When a CPU byte address falls within the TPCS, the processor hardware automatically 
adds five ones to the most significant byte of the CPU byte address, making a 21-bit address. 
Then, the least significant bit (LSB) is dropped (this bit is a byte selector that is used only within 
the CPU) leaving the 20-bit TILINE address. Figure 3-1 shows the conversion of a 16-bit CPU byte 
address to a 20-bit TILINE word address. One way to visualize this conversion is to think of a 21-bit 
TILINE /)yfe address of >1FF800 that loses its LSB (byte selector) to become TILINE woAd address 

> FFCOO. The >1F comes from the five ones; the > F800 comes from the original CPU byte 
address. The only part of this address accessible to the programmer is the CPU byte address 

> F800. 

The four addresses assigned to the CI403 range from the base word address to the base word 
address -t-3 word addresses. The base address is dedicated to SWO, base address -i- 1 is dedi- 
cated to SW1, base address -i- 2 is dedicated to SW2, and base address -i- 3 is dedicated to SW3. 

A seven-section TILINE base address switch selects the base address of the CI403. Selecting the 
base address of TILINE peripherals, such as the CI403, allows you to use multiple TILINE devices 
in one system. The base address selected must be coordinated with the operating system soft- 
ware. Refer to Section 2 of this manual for instructions on setting the base address switches. 
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3.3 SLAVE WORDS 

Figure 3-2 shows the format of each of the slave words used to communicate with the CI403. The 
purpose of each word is as follows: 

• Slave word — The CPU generally reads or writes this word to determine overall board 
status, to set interrupt conditions, and to test and set other board functions. This word 
also returns a unique identification number that identifies the board as a CI403 or a 
CI404. 

• Slave word 1 — The CPU programs the ACEs for specific channel transmission and 
reception characteristics by writing control codes into this word location. The CPU can 
also read this word to determine how the ACE has been programmed and to determine 
ACE status. The CPU can program each channel ACE individually. 

• Slave word 2 — Transmit data for all four channels is written into this word location. 
Each word includes a channel number as well as the data so that input data for different 
channels can be intermixed. 

• Slave word 3 — The CPU acquires receive data from all four channels by reading this 
word location. Each word includes a channel number, data, and status information con- 
cerning the information transfer. Also, additional status information and error codes are 
returned to the CPU via SW3. 

To program a channel of the board for operation, you must first initialize transmit and receive 
parameters such as baud rate, number of stop bits, and parity. You must also set the proper 
modem signals and ensure that the channel is out of the loopback mode. After initializing the 
channel, the CPU loads transmit data into the CI403 by successively writing to slave word 2. The 
CPU acquires receive data by successively reading slave word 3. The CPU and acquire status at 
any time by reading the remaining two slave words. The board can be programmed to interrupt the 
host CPU when it has valid words for the CPU to read or it can be used in a polled environment, 
where the CPU interrogates the board periodically to determine whether it needs service. 

The following paragraphs describe the functions of each of these words and their constituent bits. 

NOTE 

In order to avoid confusion between signals that are active in either 
the high or low state, the following text uses the terms assert (or 
asserted) and negate (or negated) to describe active and inactive 
signals, respectively, regardless of their actual logic level. 

In programming the CI403, however, it is important to note that posi- 
tive logic is used throughout. Therefore, when the discussion indi- 
cates that a signal should be asserted, set the particular bit under 
discussion to logic level 1 (high); if the signal should be negated, set 
the bit to logic level (low). Logic level 1 is read in bits that are 
asserted; logic level is read in bits that are negated. 
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3.3.1 Slave Word (SWO) — Board Status 

SWO (Figure 3-3) reports the status of the CI403 to the CPU during a slave read operation and 
establishes board-wide parameters, such as interrupt configurations, during slave write opera- 
tions. All SWO write operations must use a read-modify-write type of Instruction except when first 
initializing the board. At the time of power-up initialization, the CPU software should execute a 
master reset sequence as defined in paragraph 3.3.1 .5. 

CAUTION 

The software should not allow any SW2 or SW3 activity for three 
microseconds after an SWO write command is executed. 

3.3.1.1 Interrupt Pending — SWO, Bit 0. The CI4G3 asserts this bit to indicate that receive data 
is available to be read from the receive FIFO via SW3. Assertion of this bit generates a TILINE 
interrupt only if the interrupt enable bit (SWO, bit 1) is asserted. If the host does not assert SWO, bit 
1, the host software must poll SWO, bit 3 to determine if the CI403 receive FIFO data Is available. 
When the CPU software reads SW3, the interrupt is cleared and the CI403 negates this bit. No 
other CPU action is required to clear a CI403 Interrupt or this bit. Note that this is the only CPU 
interrupt. 

3.3.1.2 Interrupt Enable — SWO, Bit 1. The interrupt enable bit controls whether the CI403 gen- 
erates a TILINE interrupt when receive data Is available. When the CPU asserts this bit during a 
write operation, a TILINE Interrupt is generated when the CI403 asserts SWO, bit 0. If the CPU 
negates this bit, no TILINE interrupt is generated. 

3.3.1.3 Interrupt Select — SWO, Bit 2. External interrupts are not currently supported. This bit 
must always be set to zero to select the backplane TILINE interrupt. 

3.3.1.4 Input Ready — SWO, Bit 3. The CI403 asserts this bit to indicate that receive FIFO data 
is available. The CPU can poll this bit if the TILINE Interrupt is not used. The CI403 negates this bit 
after the CPU has read the last valid data word from the receive FIFO. 

3.3.1.5 IVIaster Reset — SWO, Bit 4. The CPU sets the master reset bit to initiate master reset 
processing by the CI403. The CI403 negates this bit when master reset processing completes 
successfully, f^aster reset processing is In progress as long as this bit remains asserted. If this bit 
remains asserted longer than one second, it indicates significant hardware problems in the CI403. 
In this case, the board should be replaced. The normal time required for completion of reset pro- 
cessing is approximately 50 milliseconds, if all channels are functional. 
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During master reset processing, the CI403 performs a read and write test of all FIFO memory, 
resets all channels, and does an internal loopback test of all channels. When a master reset com- 
pletes successfully, SWO and the ACE registers are set as follows: 

SWO, bits through 5 and bit 7 are reset; bit 6 indicates whether a channel failure has 
occurred. 

ACE register contains irrelevant data. 

ACE register 1 contains >0D. 

ACE register 2 contains > 01 . 

ACE register 3 contains > 1 A. 

ACE register 4 contains > 10. 

ACE registers 5 and 6 contain > 00. 

The ACE baud rate select registers are set for a baud rate of 1200. 

If any channel fails the loopback test, SWO, bit 6 is asserted and ACE register 7, bit 2 is asserted 
for the failing channel. Table 3-1 shows the status of the various bits associated with the self-test 
error reporting following a master reset operation. 

Table 3-1. Master Reset Error Reporting 











ACE Reg 7, 


Bit 2 




Master Reset Final Status 


SWO Bit 4 


SWO Bit 6 


ChO 


Ch1 


Oh 2 


Oh 3 


Global board failure (software 


1 


X 


X 


X 


X 


X 


time-out required to detect) 














Channel #0 failure 





1 


1 


X 


X 


X 


Channel #1 failure 





1 


X 


1 


X 


X 


Channel #2 failure 





1 


X 


X 


1 


X 


Channel #3 failure 





1 


X 


X 


X 


1 


No failure detected 





















Note: 

The X's in the table refer to bits that may or may not be asserted, depending upon the error condition. 
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The host software is responsible for performing the following steps in its master reset routine: 

1. Read SWO and test bit 4 for status. If it is not asserted, proceed with step 2. If it is 
asserted, a master reset has been initiated by a previous power-up reset or an I/O reset 
has not completed. In this case, go to step 5. 

2. If SWO, bit 4 was not asserted when tested in step 1, delay for 20 milliseconds, then 
reread SWO and test bit 4 again. If it is still not asserted and the board ID reads 03 or 04, 
there was no previous reset in progress. In this case, proceed to step 3. If bit 4 is 
asserted, go to step 5. 

3. Set SWO, bit 4 by writing to SWO to initiate a master reset. 

4. Read SWO to verify that bit 4 is asserted. 

5. Monitor the state of SWO, bit 4. If it is not negated within one second, the board has 
failed self-test. If it is asserted within one second, proceed with step 6. 

6. Read SWO and test bit 6. If it is not asserted, the self-test has completed without detect- 
ing any bad channels. If it is asserted, proceed to step 7. 

7. Read ACE register 7 for each channel. Each channel that has ACE register 7, bit 2 
asserted has failed self-test. 

3.3.1.6 Timer Enable — SWO, Bit 5. Asserting the timer enable bit enables the 213-millisecond 
timer. When enabled, the CI403 returns timer attention status via SW3. See paragraph 3.3.4.2 for 
more information. Negating this bit disables the timer. 

3.3.1 .7 Failed Channel Test — SWO, Bit 6. The CI403 asserts this bit when any channel self-test 
fails during master reset processing. If the CI403 asserts this bit immediately after a master reset, 
the CPU software must read ACE register 7 for each channel to determine which channel{s) has 
failed. See the discussion of ACE register 7 for more information. 

3.3.1.8 Test Mode Select — SWO, Bit 7. Asserting the test mode select bit places the CI403 in 
the test mode. In this mode, the CI403 neither transmits nor receives data via the ACEs. However, 
ACE direct commands and FIFO input and output are still functional. Negating this bit returns the 
CI403 to normal operation. 

3.3.1.9 Not Used — SWO, Bits 8 and 9. These bits are not used by the CI403 and should remain 
zero. 

3 3 1 10 Board Identification — SWO, Bits 10 Through 15. These bits can be read to determine 
board identification. They are permanently set to 000011 (>03) for the CI403 and 000100 (>04) for 
the CI404. 

3.3.2 Slave Word 1(SW1) 

SW1 (Figure 3-4) allows direct programming and reading of status of the ACE registers. Each AOt 
performs serial-to-parallel data conversion on received data characters and parallel-to-serial con- 
version on transmit characters. The ACE has fully programmable serial interface characteristics 
and complete status reporting capabilities. 
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Figure 3-4. Slave Word 1, Bit Format 

Tile CPU programs the ACE configuration by writing to SW1 and can determine ACE status at any 
time by reading SW1. Reading status during normal data transmission is not necessary since thie 
Ci403 reports any error conditions tfiat occur on any cliannel in use. 

3.3.2.1 Read/Write Control — SW1, Bit 0. A write to SW1 with the read/write controi bit asserted 
informs the CI403 that the CPU wants to read the designated ACE register on a particular channel. 
SW1, bits 1 through 3 designate the register number; SW1, bits 5 through 7 designate the channel 
number. When the CI403 determines that a read operation is desired, it transfers the appropriate 
ACE register information to SW1 , bits 8 through 15, and negates SW1 , bit 0. The CPU can poll SW1 , 
bit until it is negated, to ensure that the register data is valid. 



CAUTION 

The software should allow no other ACE direct commands from the 
time that an ACE read is requested until it completes. A read should 
take no longer than 50 microseconds to complete. 



A SW1 write with the read/write control bit negated indicates to the CI403 that the CPU is writing 
ACE control information to a specific ACE register. SW1, bits 1 through 3 contain the ACE register 
number; SW1, bits 5 through 7 contain the ACE channel number. SW1, bits 8 through 15 contain 
the desired ACE control information, as described in the following paragraphs. 



CAUTION 

The software must ensure that ACE direct commands (SW1 writes) 
are separated in time by at least 50 microseconds. 



3.3.2.2 ACE Register Number — SW1, Bits 1 Through 3. Each CI403 channel has 9 ACE regis- 
ters, plus a hardware register that is addressed like an ACE register, accessible to the CPU. Note 
that two of the ACE register addresses are multiplexed to provide 9 registers from 7 addresses. 
These registers control ACE operations and transmit and receive data. The following paragraphs 
describe each of these registers. 
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Register — Data/Baud Rate Selection. ACE register is eitfier a data register or a baud rate 
selection register, depending upon tiie state of tiie baud rate generator access bit. Tlie baud rate 
generator access bit is located in ACE register 3. When the baud rate generator access bit is 
negated, ACE register is a data register. When the CPU software initiates a read of register in 
this mode, the receiver buffer contents are returned in SW1, bits 8 through 15. When the CPU soft- 
ware initiates a write to register in this mode, the data in SW1, bits 8 through 15 is written to the 
ACE transmitter holding register. 

When the baud rate generator access bit is asserted, ACE register 0, SW1 , bits 8 through 15 corre- 
spond to the least significant byte of the baud rate word when the CPU software programs the 
ACE baud rate. Refer to Table 3-4 for baud rates. 

Register 1 — Interrupt Enable/Baud Rate Selection. ACE register 1 is either the ACE interrupt 
enable register or a baud rate selection register, depending upon the st^te of the baud rate gener- 
ator access bit. The baud rate generator access bit is located in ACE register 3. 

When the baud rate generator access bit is negated, ACE register 1 is the interrupt enable register 
that allows ACE interrupts to be selectively enabled. In this case, SW1, bits 12 through 15 corre- 
spond to specific ACE interrupt enable bits when read by the CPU software. Table 3-2 describes 
the ACE interrupt enable bits. 

NOTE 

ACE interrupts are enabled for internal use by the CI403 hardware 
only and do not enable interrupts to the CPU. They are described 
here for testing purposes only and must not be altered during nor- 
mal operation. 



Table 3-2. Interrupt Enable Bit Definitions 



SW1, Bit Definition 



15 Receive data interrupt enable 

14 Transmitter holding register empty interrupt enable 

13 Receiver line status Interrupt enable 

12 Modem status interrupt enable 

8-1 1 Zero 



When the baud rate generator access bit is asserted, ACE register 1, SW1 , bits 8 through 15 corre- 
spond to the most significant byte of the baud rate word when the CPU software programs the 
ACE baud rate. See the description of ACE register 3 and Table 3-4. 

Register 2 — Interrupt Identification. ACE register 2 is the interrupt identification register. A 
zero in bit 15 indicates whether an ACE interrupt is pending, bits 13 and 14 identify the ACE inter- 
rupt condition that is pending, and bits 8 through 12 are always zero. The following paragraphs 
describe the ACE interrupt that is designated by the conditions of SW1, bits 13 and 14. 
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NOTE 

Register 2 identifies tlie ACE interrupt rattier ttian a CPU interrupt. 

• Bit 13 = 1, bit 14 = 1, receiver line status. When enabled, the ACE generates a receiver 
line status interrupt to the CI403 hardware when an overrun error, parity error, framing 
error, or break interrupt occurs. When the line status register is read, the ACE clears the 
interrupt. 

• Bit 13 = 1, bit 14 = 0, receive data available. When enabled, the ACE generates an inter- 
rupt to the CI403 hardware when receive data is input to the ACE receive buffer register. 
When the receive data register is read, the ACE clears the interrupt. 

• Bit 13 = 0, bit 14 = 1, transmitter holding register empty. When enabled, the ACE 
generates an interrupt to the CI403 hardware when the transmitter holding register is 
empty. When the identification register is read, the ACE clears the interrupt. This inter- 
rupt is normally not enabled by the CI403 microcode. 

• Bit 13 = 0, bit 14 = 0, modem status. When enabled, the ACE generates an interrupt to 
the CI403 hardware when a change in status occurs with CTS, DSR, Rl, or RLSD (DCD). 
When the modem status register is read, the ACE clears the interrupt. 

Register 3 — Line ConUoi. ACE register 3 is the line control register, a read/write register that 
specifies the asynchronous data format. SW1, bits 8 through 15 are written to configure the ACE 
for specific data transfers. The CPU can read register 3 to determine this configuration. SW1 , bits 
8 through 15 are used as described in the following paragraphs. Bits 14 and 15 specify the word 
length (excluding the parity bit) as shown in Table 3-3. 

Table 3-3. Word Length Codes 
SW1,14 SW1,15 Word Length 

5 bits 

1 6 bits 

1 7 bits 
1 1 8 bits 



SW1, bit 13, number of stop bits. When bit 13 is negated, one stop bit is generated dur- 
ing transmission or checked during reception. When bit 13 is asserted, one and one-half 
stop bits are generated or checked when using 5-bit data; two stop bits are generated or 
checked when using 6-, 7-, or 8-bit data. 

SW1, bit 12, parity enable. When bit 12 is asserted, parity is generated on transmission 
or checked during reception. When bit 12 is negated, parity is neither generated nor 
checked. 
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SW1, bit 11, even parity select. Wiien parity is enabled (SW1, bit 12 is asserted) and bit 
1 1 is asserted, even parity is generated or checked. When parity is enabled and bit 1 1 is 
negated, odd parity is generated or checked. 

SW1, bit 10, stick parity. When parity is enabled and bit 10 is asserted, parity is 
transmitted and received in a fixed state (always asserted or negated), opposite the 
state of SW1 , bit 1 1 . For example, when bit 1 1 is asserted, the parity bit is always zero. 

SW1, bit 9, break control. When bit 9 is asserted, the output of the ACE transmitter is 
forced to the spacing state (logic 0) and remains there regardless of transmitter activity. 
When bit 9 is negated, normal transmission can occur. 

SW1 , bit 8, baud rate generator access bit. When bit 8 is asserted, channel speed can be 
programmed by writing to ACE registers and 1. Once channel speed has been pro- 
grammed, bit 8 must be negated to allow receiver buffer and transmitter holding register 
access. Table 3-4 lists the hexadecimal value for each baud rate. 



NOTE 

The value in the baud rate generator register determines both trans- 
mit and receive baud rates. 



Table 3-4. Encoded Baud Rates 



Baud Rate Hex Rate Percent Error 



50.0 OCOO 0.0 

75.0 0800 0.0 

110.0 0574 0.0 

134.5 0476 0.0 

150.0 0400 0.0 

200.0 0300 0.0 

300.0 0200 0.0 

600.0 0100 0.0 

1 ,200.0 0080 0.0 

1,800.0 0055 0.4 

2,400.0 0040 0.0 

3,600.0 002B 0.8 

4,800.0 0020 0.0 

7,200.0 0015 1-6 

9,600.0 0010 0.0 

19,200.0 0008 0.0 

Note: 

Do not use the 7200 baud rate unless absolutely necessary due to the large per- 
centage of error inherent in this rate. 
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Program the desired baud rate by performing the following procedure: 

1. Construct a 16-bit binary word with bit = 0. (This becomes the SW1 read/write bit.) Set 
bits 1 through 3 to 01 1 (to program register 3). Set bit 4 to zero, set bits 5 through 7 to the 
desired channel number, and set bit 8 to one (the baud rate generator access bit). Each 
of the remaining bits can be set, as desired, for the particular conditions listed in the 
register 3 discussion (later in this section). After you have constructed the word, write it 
toSWI. 

2. Construct a word with bit = 0, bits 1 through 3 = 000 (ACE register 0), and bits 4 
through 7 set to the desired channel number. Set bits 8 through 15 to the least signifi- 
cant byte of the baud rate word from Table 3-4. This byte is the last two digits in the Hex 
Value column. After you construct the word, write it to SW1 . 

3. Construct a word with bit = 0, bits 1 through 3 = 001 (ACE register 1), and bits 4 
through 7 set to the desired channel number. Set bits 8 through 15 to the most signifi- 
cant byte of the baud rate word from Table 3-4. This byte is the first two digits in the Hex 
Value column. After you construct the word, write it to SW1 . 

4. Repeat step 1 with bit 8 set to zero to disable the baud rate generator access bit. 



NOTE 

Consecutive ACE direct commands must be at least 50 
microseconds apart in accessing SW1. 

Register 4 — Modem Control. ACE register 4 is a read/write register that controls the modem 
interface. SW1, bits 8 through 15 manipulate the state of the modem control output signals. ACE 
register 4 is read to determine the status of the modem control signals. SW1 bit definitions are 
described as follows: 

• SW1, bit 15, data terminal ready (DTR). Asserting this bit asserts the DTR modem output 
signal. Negating this bit negates the DTR modem output signal. For example, when a 
one is written to bit 15, the DTR modem output signal goes to the EIA control on state 
( + 3V). 

• SW1, bit 14, request to send (RTS). Asserting this bit asserts the RTS modem output 
signal. Negating this bit negates the RTS modem output signal. For example, when a 
one is written to bit 15, the RTS modem output signal goes to the EIA control on state 
( + 3V). 

• SW1, bit 13, secondary request to send (SRTS). Asserting this bit asserts the SRTS 
modem output signal. Negating this bit negates the SRTS modem output signal. For 
example, when a one is written to bit 15, the SRTS modem output signal goes to the EIA 
control on state ( + 3 V). 
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• SW1, bit 12, external analog loopback (AL). This bit corresponds to RS-232-C, pin 15. 
Asserting this bit places the external modem in an analog loopback condition if the 
modem is so equipped. Negating this bit terminates the external loopback mode. 
Asserting this bit forces pin 15 to the EIA control on state ( + 3 V). 

• SW1, bit 11, internal loopback. Asserting this bit causes transmit data to the ACE to be 
connected directly to the receive data inputs. Modem interface signals are connected 
as follows: 

— DTR to DSR 

— RTS to CTS 

— SRTS to Rl 

— ALtoRLSD(DCD) 

NOTE 

The modem output leads are still active when you select the inter- 
nal loopback mode. 

• Bits 8 through 10 are not used and must remain zero. 

Register 5 — Line Status. ACE register 5 can be read to determine data transfers status. Read- 
ing this register negates bits 1 1 through 14. SW1 , bits 8 through 15 are described as follows: 

• SW1, bit 15, data ready indicator. The ACE asserts this bit when it has received a com- 
plete character and transferred it into the ACE receive buffer register. The ACE negates 
this bit when the ACE receive buffer register is read. This bit can also be negated by writ- 
ing directly to this register. 

• SW1, bit 14, overrun error indicator. The ACE asserts this bit if the data in the ACE 
receive buffer register is not read before the next input character is transferred to the 
ACE receive buffer register. The ACE negates this bit when the line status register is 
read. 

• SW1, bit 13, parity error indicator. The ACE asserts this bit if the received data character 
does not have the correct parity, as selected by the parity select bits (ACE register 3, 
SW1, bits 10 through 12). The ACE negates this bit when the line status register is read. 

• SW1, bit 12, framing error indicator. The ACE asserts this bit if the received character 
did not have a valid stop bit. The ACE negates this bit when the line status register is 
read. 

• SW1, bit 11, receive break indicator. The ACE asserts this bit if the line is held in the 
spacing state longer than a full word transmission time. The ACE negates this bit when 
the line status register is read. 
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• SW1, bit 10, transmitter holding register empty indicator. Tlie ACE asserts this bit when 
a character is transferred from the transmitter holding register to the transmitter shift 
register. The ACE negates this bit when the transmitter holding register is loaded. If the 
CI403 hardware asserts the transmitter holding register empty interrupt enable bit, the 
CI403 hardware is interrupted when this indicator bit is asserted. 

• SW1 , bit 9, transmitter shift register empty indicator. The ACE asserts this bit when the 
transmitter shift register is idle. The ACE negates this bit when a character is trans- 
ferred from the transmitter holding register to the transmitter shift register. The CI403 
hardware determines this condition by reading the line status register. When the trans- 
mitter shift register interrupt is enabled, (ACE register 7, SW1, bit 9), the CI403 places 
the transmitter shift register empty status condition into the receive FIFO if this bit is 
asserted. 

• SW1 , bit 8, not used. This bit is not used and is always zero. 

Register 6 — Modem Status. Register 6 can be read to determine current modem status. Read- 
ing this register clears bits 11 through 15. BitdefinitionsofSWI, bits 8 through 15 follow: 

• SW1, bit 15, delta clear to send. The ACE asserts this bit if the state of CTS has changed 
since the last time the modem status register was read. The ACE negates this bit when 
the modem status register is read. 

• SW1, bit 14, delta data set ready. The ACE asserts this bit if the state of DSR has 
changed since the last time the modem status register was read. The ACE negates this 
bit when the modem status register is read. 

• SW1, bit 13, trailing edge of ring indicator. The ACE asserts this bit if the Rl signal 
changes from an asserted condition to a negated condition. The ACE negates this bit 
when the modem status register is read. 

• SW1, bit 12, delta received line signal detector. The ACE asserts this bit if RLSD (DCD) 
has changed state since the last time the modem status register was read. The ACE 
negates this bit when the modem status register is read. 

• SW1, bit 11, clear to send (CTS) input. This bit is asserted when the CTS input signal to 
the modem is asserted (in the EIA on state). It is negated when the CTS input is negated. 
Transfer of data from the channel transmit data FIFO to the ACE is inhibited if CTS is 
false. 

• SW1, bit 10, data set ready (DSR) input. This bit is asserted when the DSR input signal to 
the modem is asserted. It is negated when the DSR input is negated. 

• SW1, bit 9, ring indicator (Rl) input. This bit is asserted when the Rl input signal to the 
modem is asserted. It is negated when the Rl input is negated. 

• SW1, bit 8, received line signal detect (RLSD(DCD)) input. This bit is asserted when the 
input signal to the modem is asserted. It is negated when the RLSD (DCD) input is 
negated. Any received data characters or line status errors received while this bit is 
negated are discarded and not reported to the host. 
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Register 7 — Channel Control. Register 7 can be read to acquire certain channel status informa- 
tion; it can be written to set channel dependent control states. A successful master reset and 
channel loopback test negates all bits in this register. An unsuccessful channel loopback test 
negates all register 7 bits except the channel disable bit. Bits 8 through 15 are used as follows: 

• SW1, bit 8, transmit FIFO empty interrupt enable. If this bit is asserted and the channel 
transmit FIFO becomes empty, channel transmit FIFO empty status is written to the 
receive FIFO. This bit is negated when the interrupt occurs and must then be reasserted 
to cause additional interrupt notification. The GPU reads this bit to determine whether 
this interrupt is enabled. 

• SW1, bit 9, transmit shift register empty enable. If this bit is asserted and the channel 
transmit shift register becomes empty, channel transmit shift register empty status is 
written to the receive FIFO. This bit is negated when the interrupt occurs and must then 
be reasserted to cause additional interrupt notification. The CPU can read this bit to 
determine whether this interrupt is enabled. 

• SW1, bit 10, channel disable. When this bit is asserted, the CI403 stops polling the spec- 
ified channel ACE for information so that transmission and reception is disabled. ACE 
programming, however, is not changed. Since the state of the ACE is not changed, ACE 
direct commands can be used to transmit and receive data over the communications 
line. The channel remains disabled until this bit is negated. The CPU can read register 7 
to determine whether the channel is disabled. A channel-related failure detected during 
master reset channel loopback tests also causes this bit to be asserted. This allows the 
host software to poll each channel to isolate the source of the failure when SWO, bit 6 is 
asserted after a master reset. 



NOTE 

This method of transmitting and receiving must only be used during 
testing and not during normal data handling. 

• SW1, bit 11, channel reset. Asserting this bit resets the specified channel ACE. The 
reset procedure lasts approximately 23 microseconds; however, there may be several 
hundred microseconds of delay after the request before the reset is initiated. The CI403 
negates this bit after the channel reset completes. After a channel reset, the ACE regis- 
ters contain the following: ACE register 1 contains >0D, ACE register 2 contains >01, 
ACE register 3 contains > 1 A, ACE register 4 contains > 10, ACE register 5 contains > 00, 
ACE register 6 contains > 00, and the baud rate is set to 1200. 

• SW1, bit 12, disable ACE output. Asserting this bit disables the specified channel trans- 
mit FIFO output. The channel output remains disabled until this bit is negated. The CPU 
can read this bit to determine if the channel FIFO output is disabled. Note that the chan- 
nel receive remains active regardless of the setting of this bit. 

• SW1, bit 13, speed indicator/modem status inhibit. The CPU reads this bit to determine 
the state of the modem speed indicator bit input. Speed indication is supported with the 
Bell 212A and Vadic 3400 (or equivalent) modems. When the host writes to the CI403 and 
sets this bit, all modem status interrupts to the host via the receive FIFO are inhibited. 
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• SW1, bit 14, receiver squelch (iiaif duplex). Asserting this bit disables the receiver during 
transmissions (when RTS is asserted). Negating this bit enables the receiver during 
transmission. 

• SW1, bit 15, clear transmit FIFO. Asserting this bit aborts transmission of all data in the 
FIFO. However, it does not affect transmission of any data already transferred to the 
ACE (up to two data bytes). Asserting this command clears all bits of ACE register 7 
except the channel disable bit (SW1, bit 0). 

3.3.3 Slave Word 2 (SW2) 

The host loads data into the TILINE transmit FIFO via SW2 (Figure 3-5). The CI403 inspects the 
word to determine the channel number and then transfers the data byte of this word to the appro- 
priate channel transmit FIFO. Note that SW2, bits through 4 are not used and should remain 
zero. SW2, bits 5 through 7 specify the channel number. 

The CPU software routine uses SW2 to fill the appropriate channel transmit FIFO independent of 
other CI403 functions. Full-word instructions should always be used. If the CI403 becomes overrun 
with transmit data, it places a data word in the receive FIFO with a status code of 4, channel num- 
ber of F, and a data byte of >01, informing the host to stop the flow of transmit data. When the 
CI403 is ready to accept transmit data again, it places a data word in the receive FIFO with a 
status code of 4, a channel number of F, and a data byte of > 02. Refer to the discussion of the sta- 
tus code bits, SW3, bits 1 through 3 later in this section. The CI403 can accept at least 64 word 
transfers after it issues a request to halt the transfers. An overrun condition should never occur in 
normal operation. 

3.3.4 Slave Word 3 (SW3) 

The CPU reads data and status from the receive FIFO via SW3 (Figure 3-6). If interrupts are 
enabled (SWO, bit 1), the CI403 interrupts the CPU when SW3 contains valid information for the 
host. If interrupts are not enabled the CPU must poll the input ready bit (SWO, bit 3) to determine 
when SW3 is valid. When the CPU software reads all data stored in the receive FIFO, the CI403 
clears the interrupt. The CPU software should never perform a write instruction to SW3. 

The following paragraphs describe the functions of the bits in SW3. 

3.3.4.1 Invalid Receive Data — SW3, Bit 0. The CI403 asserts this bit to indicate that data in 
SW3, bits 8 through 15 is invalid. SW3 can be successively read to acquire receive data until this 
bit is asserted, which indicates that the receive FIFO is empty and that data in SW3, bits 8 through 
15 should be ignored. 
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Figure 3-5. Slave Word 2, Bit Format 
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1 2 3 
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5 6 7 


8 9 10 11 12 13 14 15 


DA 
INV 


STATUS 
CODE 


CH 
CHG 


CHANNEL 
NUMBER 


RECEIVE FIFO DATA AND STATUS 



DA INV - DATA INVALID 

STATUS code; 



CH CHG - CHANNEL NUMBER AND/OR 

STATUS IS DIFFERENT THAN IT 
WAS ON THE LAST VALID READ OF 
RECEIVED DATA 



- RECEIVE DATA PRESENT 

- TRANSMIT FIFO EMPTY 

- TRANSMIT SHIFT REGISTER EMPTY 

- INVALID ACE INTERRUPT 

- INTERFACE STATUS 



DATA 



>00 - 

>CTi: - 



EVENT CODE 

TIMER TICK 

STOP SENDING XMIT DATA 

TO TILINE FIFO 

RESUME SENDING XMIT DATA 



5 - LINE STATUS 

6 - MODEM STATUS 

7 - RESERVED 



Figure 3-6. Slave Word 3, Bit Format 

3.3.4.2 Status Code — SW3, Bits 1 Througli 3. When SW3, bit is negated (data is valid in SW3, 
bits 8 through 15), bits 1 through 3 contain an interrupt status code that indicates the cause of the 
CPU interrupt. The following paragraphs explain status codes through 7. The CI403 writes status 
codes 1, 2, and 6 only if the appropriate interrupt is enabled in ACE register 7. 

Status Code — Receive Data. A status code of (SW3, bits 1 through 3 = 000) indicates that 
receive data is present in bits 8 through 15 for the channel specified in bits 5 through 7. 

Status Code 1 — Transmit FIFO Empty. A status code of 1 (SW3, bits 1 through 3 = 001) indi- 
cates that the transmit FIFO for the channel specified in bits 5 through 7 is empty. 

Status Code 2 — Transmit Shift Register Empty. A status code of 2 (SW3, bits 1 through 3 = 010) 
indicates that the transmit shift register for the channel specified in bits 5 through 7 is empty. 

Status Code 3 — Invalid ACE Interrupt. A status code of 3 (SW3, bits 1 through 3 = Oil) indi- 
cates that the CI403 hardware received an invalid interrupt from the ACE channel specified in bits 
5 through 7. This occurs when there is a hardware problem. 
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Status Code 4 — Interface Status. A status code of 4 (SW3, bits 1 through 3 = 100) indicates 
that an event has occurred on the CI403 that affects all channels. When this status code is 
returned, SW3, bits 4 through 7 are all asserted (> F). The specific event is identified in the data 
byte (SW3, bits 8 through 15). In this case, the value in the data byte is called an event code. The 
following paragraphs describe each of these event codes: 

• Timer Tick (>00). An event code of >00 Is returned when the CI403 timer interval has 
expired and the host has enabled the timer by asserting SWO, bit 5. The time interval is 
approximately 213 milliseconds. 

• Halt Transfer (>01). An event code of >01 is returned if the TILINE FIFO is becoming 
full. When this status code Is returned, at least 64 word spaces remain in the TILINE 
FIFO before an overflow occurs. The CI403 returns a resume transfer event code (>02) 
when it is prepared to accept more transmit data. The halt and resume conditions per- 
tain to data transferred to the CI403 via SW2 only. Other slave words can be used 
independently of these halt or resume commands. The halt condition is a rare 
occurrence, possible only under certain worst-case conditions. 

• Resume Transfer (>02). The CI403 returns event code >02 when the TILINE FIFO con- 
tains enough space to allow the host to resume sending transmit data via SW2. This 
event code is returned only after the CI403 has previously issued a halt event code. 

Status Code 5 — Line Status. A status code of 5 (SW3, bits 1 through 3 = 101) indicates that the 
line status register Interrupt producing Inputs have changed for the channel specified In bits 5 
through 7. The ACE line status register contents are stored in bits 8 through 15. The next entry in 
the receive FIFO is always the data that caused the line status change. 

Status Code 6 — Modem Status. A status code of 6 (SW3, bits 1 through 3 = 110) indicates that 
the modem status register contents have changed for the channel specified in bits 5 through 7. 
The ACE modem status register contents are stored In bits 8 through 15. If ACE register 7, bit 13 is 
asserted, modem status reporting is inhibited. 

Status Code 7 — Reserved. This status code is presently unused and Is reserved for future 
definition. 

3.3.4.3 Channel Change Flag — SW3, Bit 4. If SW3, bit is negated (receive data is valid), this 
bit Is negated to indicate that the channel number and status code in this word are the same as for 
the previous valid SW3 word. If this bit is asserted, either the status code or the channel number 
(or both) are different from the last valid SW3 read cycle. 

3.3.4.4 Channel Number — SW3, Bits 5 Through 7. Bits 5 through 7 specify the channel number 
associated with the receive FIFO data or status contained in SW3 bits 8 through 15. 

3.3.4.5 Receive Data — SW3, Bits 8 Through 15. Depending on the status code specified, bits 8 
through 15 either contain eight bits of valid receive data, the contents of one of the ACE status 
registers (ACE register 5 or 6), the interface event code byte, or meaningless data. 
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The index, table of contents, list of illustrations, and list of tables are used in conjunction to ob- 
tain the location of the desired subject. Once the subject or topic has been located in the index, 
use the appropriate paragraph number, figure number, or table number to obtain the corre- 
sponding page number from the table of contents, list of illustrations, or list of tables. 

INDEX ENTRIES 

The following index lists l^ey words and concepts from the subject material of the manual together 
with the area(s) in the manual that supply major coverage of the listed concept. The numbers along 
the right side of the listing reference the following manual areas: 

• Sections — Reference to Sections of the manual appear as "Sections x" with the sym- 
bol x representing any numeric quantity. 

• Appendixes — Reference to Appendixes of the manual appear as "Appendix y" with the 
symbol y representing any capital letter. 

• Paragraphs — Reference to paragraphs of the manual appear as a series of 
alphanumeric or numeric characters punctuated with decimal points. Only the first 
character of the string may be a letter; all subsequent characters are numbers. The first 
character refers to the section or appendix of the manual in which the paragraph may be 
found. 

• Tables — References to tables in the manual are represented by the capital letter T 
followed immediately by another alphanumeric character (representing the section or 
appendix of the manual containing the table). The second character is followed by a 
dash (-) and a number. 

Tx-yy 

• Figures — References to figures in the manual are represented by the capital letter F 
followed immediately by another alphanumeric character (representing the section or 
appendix of the manual containing the figure). The second character is followed by a 
dash (-) and a number. 

Fx-yy 

• Other entries in the Index — References to other entries in the index preceded by the 
word "See" followed by the referenced entry. 
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